The high mass end of extragalactic globular clusters by Hilker, M.
ar
X
iv
:0
90
6.
07
76
v1
  [
as
tro
-p
h.C
O]
  3
 Ju
n 2
00
9
The high mass end of extragalati
globular lusters
Mihael Hilker
ESO
Karl-Shwarzshild-Str. 2
mhilkereso.org, http://www.eso.org/∼mhilker/
Abstrat
In the last deade, a new kind of stellar systems has been established
that shows properties in between those of globular lusters (GCs) and
early-type dwarf galaxies. These so-alled ultra-ompat dwarf galaxies
(UCDs) have masses in the range 10
6
to 10
8
M⊙ and half-light radii of
10-100 p. The most massive UCDs known to date are predominantly
metal-rih and reside in the ores of nearby galaxy lusters. The ques-
tion arises whether UCDs are just the most massive globular lusters
in rih globular luster systems? Although UCDs and `normal' GCs
form a ontinuous sequene in several parameter spaes, there seems
to be a break in the saling laws for stellar systems with masses above
∼ 2.5 × 10
6
M⊙. Unlike GCs, UCDs follow a mass-size relation and
their mass-to-light ratios are about twie as large as those of GCs with
omparable metalliities. In this ontribution, I present the properties
of the brightest globular lusters and ultra-ompat dwarf galaxies and
disuss whether the observed ndings are ompatible with a `star-luster'
origin of UCDs or whether they are more likely related to dark matter
dominated dwarf galaxies.
1 The most massive globular lusters of a galaxy
ω Centauri is the most luminous and massive globular luster of our Galaxy.
With an absolute magnitude of MV = −10.29 mag (Harris 1996) and a mass
of 2.5 × 106M⊙ (van de Ven et al. 2006), it is an order of magnitude more
luminous and massive than an average Galati globular luster (MV = −7.5,
2 × 105M⊙). But an ω Cen atually be regarded as a globular luster?
Several studies over the past deade have shown that ω Cen is omposed of
multiple stellar populations with dierent, rather disrete abundane patterns
and probably a spread in their ages (e.g. Hilker & Rihtler 2000, Bedin et al.
2004, Sollima et al. 2005, Villanova et al. 2007). Suh a omplex behaviour
is usually only seen in galaxies, like the Loal Group dwarf spheroidals (for
example the Carina dSph: Koh et al. 2007).
The view of globular lusters (GCs) as simple stellar systems was even
more revolutionised by studies based on preise HST-based photometry that
revealed multiple stellar populations in several massive Galati globular lus-
ters (e.g. Piotto et al. 2007, Milone et al. 2008). But this is the story of
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another review in this book (see the ontribution by Piotto). Here I on-
entrate on the properties of the most massive globular lusters in external
galaxies, and even more massive ompat stellar systems in galaxy lusters.
Departing from the Milky Way we an rst ask what are the properties of
the most massive globular lusters in other Loal Group galaxies?
The Andromeda galaxy has a ∼3 times larger globular luster system
(GCS) than our Galaxy (e.g. Barmby et al. 2001) and possesses several GCs
that are ∼3 times more luminous/massive than ω Cen. In partiular G1, one
of the most massive lusters in M31, exhibits a spread in its red giant branh,
probably aused by multiple stellar populations of dierent metalliities (Mey-
lan et al. 2001). At the lower mass end of Loal Group galaxies, old GCs
(> 5 Gyr) are known in the LMC and SMC (LMC: Makey & Gilmore 2004;
SMC: Crowl et al. 2001, Glatt et al. 2008), the dwarf elliptials NGC205,
NGC185 and NGC147 (Hodge 1993, 1974, 1976; Da Costa & Mould 1988),
and the Fornax and Sagittarius dwarf (Sgr) spheroidals (For dSph: Buonanno
et al. 1999, Makey & Gilmore 2003; Sgr dSph: Carraro et al. 2007; Carraro
2009). The most luminous GCs in these galaxies are 2-3 magnitudes fainter
than those in the Milky Way and Andromeda (see Table 1 and Fig. 2).
Going to denser environments and more massive galaxies beyond the Loal
Group we an then ask whether the trend of more luminous/massive GCs in
ever more luminous galaxies ontinues or whether there exists some kind of
ut-o mass for the most massive GC? How massive an a GC get?
Finding the most massive GC in distant galaxies is not an easy task. Sine
distant GCs are not resolved on ground based images, ontamination by fore-
ground stars and ompat bakground galaxies hampers the exat denition
of the sparsely sampled bright end of the globular luster luminosity funtion
(GCLF). Only massive spetrosopi surveys and the resolved appearane of
GCs on HST images made it possible to disover the brightest GCs at dis-
tanes beyond the Loal Group. In this respet, the best studied GCSs of
nearby elliptial galaxies are those of CentaurusA (e.g. Peng et al. 2004,
Rejkuba et al. 2007), NGC1399 (Drinkwater et al. 2000, Mieske et al. 2004)
and M87 (Ha³egan et al. 2005, Jones et al. 2006), the entral galaxies of
the Centaurus group, the Fornax and the Virgo luster, respetively. Indeed,
ompat soures with masses up to a hundred times that of ωCen have been
identied. Their disovery history and properties are desribed in the next
setion.
2 Ultra-Compat Dwarf Galaxies
The disovery history of very massive ompat objets started about 10 years
ago. In a small spetrosopi survey of the globular luster system of NGC1399,
Minniti et al. (1998) onrmed a bright ompat objet as radial veloity
member of the luster: `... Note that the objet at V = 18.5, V − I = 1.48
(our reddest globular luster), whih has MV = −12.5, was identied as a
ompat dwarf galaxy on the images after light-prole analysis (M. Hilker,
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Table 1: Properties of brightest GCs and UCDs and their host galaxies.
Galaxy MV,gal NGC,tot σGCLF GC Name MV,GC log(M)
[mag℄ [mag℄ [mag℄ M⊙
Fnx dSph −13.1 5 0.50 Fnx3 −7.80 5.560
Fnx2 −7.05 5.260
Sgr dSph −15.0 7 0.60 M54 −8.55 5.857
Arp 2 −5.60 4.040
NGC147 −15.1 4 0.60 NGC147-3 −7.93 5.484
NGC147-1 −7.23 5.222
NGC185 −15.6 8 0.65 NGC185-5 −7.83 5.479
NGC185-3 −7.73 5.447
NGC205 −16.4 8 0.70 NGC205-8 −8.19 5.606
NGC205-2 −8.09 5.599
SMC −17.1 8 0.80 Kron 3 −8.00 5.350
NGC121 −7.94 5.550
NGC416 −7.70 5.270
LMC −18.5 16 0.90 NGC1898 −8.60 5.880
NGC1835 −8.33 5.830
NGC1916 −8.33 5.790
Milky Way −20.9 150 1.15 ωCen −10.29 6.398
NGC6715 −10.01 6.240
NGC6441 −9.64 6.170
M31 −21.2 460 1.20 B023 −11.33 6.955
G1 −10.94 6.863
B225 −10.75 6.778
CenA −21.5 1550 1.30 HCH99-18 −11.38 7.050
HGHH92-C1 −10.84 6.833
HGHH92-C23 −11.66 6.822
NGC1399 −21.9 6450 1.25 UCD3 −13.40 7.971
UCD1 −12.07 7.507
UCD6 −12.50 7.476
M87 −22.4 14660 1.30 VUCD7 −13.42 7.946
VUCD3 −12.59 7.602
VUCD5 −12.32 7.464
1996, private ommuniation) ... (see also Hilker 1998). In another spetro-
sopi survey on dwarf elliptials in the Fornax luster, Hilker et al. (1999)
onrmed two bright ompat objets with MV = −13.4 and −12.6 mag (in-
luding the one mentioned before) as Fornax members. They proposed that
they `... an be explained by a very bright GC as well as by a ompat ellip-
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tial like M32. Another explanation might be that these objets represent the
nulei of dissolved dE,Ns ...'. Furthermore they suggested that `... It would
be interesting to investigate, whether there are more objets of this kind hidden
among the high surfae brightness objets in the entral Fornax luster ...'.
Indeed, only one year later, in 2000, a systemati all-objet spetrosopi
survey within in a 2-degree eld entred on the Fornax luster revealed ve
ompat Fornax members in the magnitude range −13.5 < MV < −12.0
(Drinkwater et al. 2000) whih later, in 2001, were dubbed Ultraompat
Dwarf Galaxies (UCDs) by Phillipps et al. (2001). Their physial properties
were presented in a Nature artile by Drinkwater et al. (2003). Later, Mieske
et al. (2004) identied ompat objets in the brightness range−12.0 < MV <
−10.0 mag. They found that their luminosity distribution is onsistent with
an extrapolation of the Gaussian-shaped GC luminosity funtion.
After the rst disovery of UCDs in the Fornax luster, many surveys
followed to searh for UCDs in dierent environments and towards fainter
magnitudes (Virgo luster (M87): Ha³egan et al. 2005, Jones at al. 2006; Cen-
taurus luster (NGC4696): Mieske et al. 2007; Hydra I luster (NGC3311):
Misgeld et al. 2008; CenA: Rejkuba et al. 2007; Sombrero: Hau et al. 2009).
Although massive UCDs mainly are found in galaxy lusters and therefore
might be linked to the overall luster formation proess, most of them seem
to be assoiated to giant galaxies. Regarding their radial distribution and
kinemati signature around their host galaxies, UCDs an hardly be distin-
guished from luminous/massive genuine globular lusters belonging to those
galaxies. Therefore, I onsider objets more luminous than MV < −11 mag
 GCs as well as UCDs  as one lass and simply all them `UCDs' or some-
times `GCs/UCDs' throughout this ontribution, being aware of the fat that
the formation proesses of UCDs in the luster environment and massive GCs
around individual galaxies might be dierent.
One the existene of UCDs was proven by radial veloity measurements,
further studies foused on their physial parameters. In partiular, their sizes,
metalliities, ages, internal kinematis, masses and mass-to-light ratios were
investigated. The most important results are summarized in the following.
UCDs are luminous (−11.0 < MV < −13.5), have half-light radii in the
range 10 < rh < 100 p and are predominantly old (> 10 Gyr) (e.g. Mieske
et al. 2006; Evstigneeva et al. 2007). As opposed to GCs, UCDs follow a
luminosity-size relation (e.g. Ha³egan et al. 2005; Evstigneeva et al. 2008).
M32-type galaxies lie on the extension of this relation (Dabringhausen et
al. 2008). Also nulei of early-type galaxies exhibit a luminosity-size rela-
tion, shifted towards smaller sizes at a given luminosity (Cté et al. 2006).
The two brightest UCDs in Fornax (UCD3) and Virgo (VUCD7), both with
MV ≃ −13.5, are at least twie as luminous as the seond brightest UCD in
their respetive lusters. They exhibit faint surfae brightness envelopes with
eetive radii of 80 < Reff < 120 p (Evstigneeva et al. 2007).
In the olour-magnitude diagram (see Fig. 1), UCDs over the full olour
range of `normal' GCs. However, the brightest UCDs are found on the ex-
tension of the red (metal-rih) GC population (Mieske et al. 2006; Wehner &
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Figure 1: Colour magnitude diagram of GCs, UCDs and nulear lusters in the
Fornax and Virgo lusters. Small grey dots represent GCs around NGC1399
and NGC1404 (Jordán et al. 2009) and M87 and M49 (Peng et al. 2006) from
HST/ACS data. Large grey dots are onrmed luster members (Hilker 2009,
in prep.) and lled and open squares mark the nulei of early-ype galaxies in
Virgo (Cté et al. 2006). The solid line is a t to the lled squares, whereas
the dashed line represents the olour-magnitude relation of dEs in Fornax
(Mieske et al. 2007b). The loation of M32 is shown as well.
Harris 2008). Blue (metal-poor) UCDs oinide with the loation of nulear
lusters in early-type dwarf galaxies.
The entral veloity dispersions of UCDs range from 15 to 45 km s
−1
,
resulting in dynamial masses of 2 × 106 < M < 108M⊙ (e.g. Hilker et al.
2007, Mieske et al. 2008). The most remarkable onsequene of these derived
masses is that the dynamial mass-to-light ratio of UCDs is on average twie
that of GCs at omparable metalliity and annot be explained by stellar
population models with a anonial initial mass funtion (IMF, e.g. Kroupa
2001) (Ha³egan et al. 2005, Dabringhausen et al. 2008, Mieske et al. 2008).
The large M/L values of UCDs might either be aused by an unusual IMF
(bottom-heavy: Mieske & Kroupa 2008; top-heavy: Dabringhausen et al.
2009) or by the presene of dark matter (Baumgardt & Mieske 2008).
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Figure 2: The absolute magnitude of the brightest two or three GCs/UCDs
of a galaxy as a funtion of host galaxy luminosity. The dashed line indiates
the universal luminosity of the GCLF turnover magnitude.
All the properties presented above and the saling relations of UCDs hint
to a harateristi transition mass of Mc ≃ 2.5 × 10
6M⊙ between GCs and
UCDs. This does not neessarily mean that GCs and UCDs are dierent kinds
of objets. It might just reet a hange in the physis of luster formation at
this harateristi mass, for example, if more massive lusters beome optially
thik to far infrared radiation when they formed and are born with top-heavy
IMFs (Murray 2009).
In the next setion we will investigate whether the transition from GCs to
UCDs an be seen in the luminosity and mass funtion of well studied globular
luster systems and UCD populations.
3 Luminosity and mass funtion of GCs/UCDs
In Fig. 2 the luminosities of the two or three brightest GCs (and UCDs) are
plotted as funtion of host galaxy luminosity for all the galaxies disussed in
Set. 1 (see the parameters of the GCs and galaxies in Table 1, taken from
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Figure 3: The absolute magnitude of the brightest two or three GCs/UCDs
of a galaxy as a funtion of total number of GCs belonging to the host galaxy.
The open squares with errobars indiate the average luminosity of the bright-
est GC fromMonte Carlo simulations of 10.000 GCLFs of the respetive galax-
ies. The two brightest UCDs in Fornax and Virgo (enirled dots) have ex-
tended low surfae brightness envelopes. The dashed line marks the universal
luminosity of the GCLF turnover magnitude.
NED, van den Bergh 2000, Harris 1996, MLaughlin & van der Marel 2005,
and other works for the UCDs as given in the text). Clearly, more luminous
galaxies possess more luminous GCs/UCDs. Is this just a sampling eet
reeting the ever riher globular luster systems?
Many studies of the globular luster luminosity funtion (GCLF, number
of GCs vs. magnitude) have shown that the bright end shape an be well
desribed by a Gaussian with a universal turnover magnitude at MV = −7.5
mag (see Rihtler 2003 and referenes therein). The dispersion of the GCLF,
σGCLF, ranges from 0.8 to 1.3 mag and inreases with inreasing host galaxy
luminosity (Jordán et al. 2007). To test the hypothesis that the brightest
GCs are statistially ompatible with a Gaussian GCLF, we determined the
average luminosity of the brightest GC fromMonte Carlo simulations of 10.000
GCLFs of our sample galaxies. The GCLF funtion is dened by the total
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number of GCs, NGC,tot and its width σGCLF (see Table 1). In Fig. 3 the
results of those simulations (open squares with errorbars) are shown together
with the brightest GCs. With the exeption of the brightest UCD in the
Fornax and Virgo luster (enirled dots), the brightest GCs/UCDs of all
galaxies are ompatible with being drawn from a Gaussian GCLF. This is at
odds with what one would expet if UCDs were a distint kind of objets
(as disussed in the previous setion). Also there is no hint for a maximum
luminosity of a GC/UCD. The absolute magnitudes of the brightest GCs
linearly inrease with the logarithm of NGC,tot (see also Billett et al. 2002,
Weidner et al. 2004). At rst glane, these ndings might pose a problem
for the hierarhial assembly of the most massive galaxies. If a entral luster
galaxy like NGC1399 is the result of a merger of several L∗ or Milky Way-type
galaxies, one would expet the brightest GCs of the resulting merger to have
a luminosity of about ω Cen. On the other hand, just during those mergers
the most massive GCs/UCDs might have formed. I ome bak to this point
in the next setion.
Before that, let us have a look at the mass funtion of GCs and UCDs
in the entral Fornax luster. The GCS of NGC1399 has the most omplete
overage of onrmed radial veloity members at the bright end of the GCLF,
thanks to massive spetrosopi surveys (Drinkwater et al. 2000, Rihtler et
al. 2004, Mieske et al. 2004, Firth et al. 2007). More than 150 GCs/UCDs
brighter than ωCen are known (Hilker 2009, in prep.). The bulk of the lower
mass GCs is well dened through the Fornax ACS survey (Jordán et al. 2009).
Both datasets ombined have been used to onstrut the mass funtion of GCs
and UCDs around NGC1399. First, the gz photometry of the ACS data were
transformed into the Johnson V ,(V − I) system using the relation of Peng
et al. (2006, see also the CMD in Fig. 1). Seond, the mass-to-light ratio,
M/LV , of eah GC/UCD was derived from its (V − I) olour, using a t
to the (V − I) and M/LV values of a 13-Gyr old single stellar population
model by Maraston (2005). A Kroupa IMF and a blue horizontal branh was
assumed (see also Dabringhausen et al. 2008). M/LV and MV , nally, were
used to ompute the masses of the GCs and UCDs.
In Fig. 4 the mass funtion of both samples is shown. The number ounts
of the ACS data were normalized to those of the spetrosopi sample in the
mass range 6.5 < logM < 6.8M⊙, a regime where both datasets are expeted
to be omplete. The turnover magnitude MV = −7.5 mag orresponds to
logM ≃ 5.4 whih forms a plateau in the mass funtion. For masses larger
than logM > 5.8 the number ounts are dereasing, but not with a uniform
slope. In the mass range 5.5 < logM < 6.4 a t to the data gives a power-law
slope of α = −1.88 (from dN/dM ∝ M−α) whih also was found for other
GCSs (e.g. Harris & Pudritz 1994, Larsen et al. 2001) and whih is lose to
α = −2, the typial slope for the mass funtions of young luster in merger
galaxies (e.g. Zhang & Fall 1999) and giant moleular louds (e.g. Elmegreen
2002 and referenes therein). Beyond logM > 6.5 the mass funtion falls o
steeply. A t to the data gives a slope of α = −2.70. Interestingly, both
ts ross at logM ≃ 6.4, just the harateristi mass where the properties
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Figure 4: Mass funtion of GCs and UCDs around NGC1399. The GCs (grey
histogram) were taken from the Fornax ACS survey (Jordán et al. 2009). The
blak histogram is based on radial veloity members of the Fornax luster
(GCs and UCDs, Hilker 2009, in prep.). The grey histogram was normalized
to the number ounts of the blak histogram at logM ≃ 6.6M⊙. The dashed
lines are ts to the mass regimes 5.5 < logM < 6.4 and 6.6 < logM < 7.5
with power-law slopes α of −1.9 and −2.7, respetively. The dotted vertial
line indiates the harateristi transition mass ofMc = 2.5×10
6M⊙ between
GCs and UCDs.
and saling relations between GCs and UCDs hange (Mc = 2.5 × 10
6M⊙).
Maybe there is some kind of ut-o mass for `normal' GCs, and UCDs indeed
follow a dierent formation mehanism?! Suh a ut-o at the high mass
end of the mass funtion was also observed for young star lusters systems
in spirals (e.g. Gieles et al. 2006), although at an order of magnitude lower
mass (Shehter funtion ut-o mass: Mc = 2.1× 10
5M⊙, Larsen 2009). For
early-type galaxies in the Virgo luster, Jordán et al. (2007) desribe the GC
mass funtion by an evolved Shehter funtion and show that Mc inreases
from 3 × 105M⊙ in bright dwarf elliptials (MV = −16) to 2-3×10
5M⊙ in
giant elliptials, onsistent with what is presented here.
Fig. 5 illustrates that the high mass end of GCs/UCDs is dominated by
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Figure 5: Mass funtion of GCs and UCDs around NGC1399 (see Fig. 4), sep-
arated into blue (metal-poor) and red (metal-rih) GCs/UCDs as indiated.
The histograms of the GCs were normalized to the number ounts of the on-
rmed Fornax members at logM ≃ 6.5M⊙ and logM ≃ 6.7M⊙ for the blue
and red GCs, respetively. The dotted vertial line indiates the harateristi
transition mass of M = 2.5× 106M⊙ between GCs and UCDs.
metal-rih objets. As a division between blue (metal-poor) and red (metal-
rih) GCs/UCDs a olour of (V − I) = 1.05 mag ([Fe/H℄≃ −0.8 dex) was
hosen (see Fig. 1). This olour orresponds to the well known dip in the
bimodal olour distribution of GCs in elliptial galaxies (e.g. Gebhardt &
Kissler-Patig 1999).
4 Formation senarios for UCDs
Various formation senarios have been suggested to explain the origin of
UCDs. The three most promising and their impliations onerning the pre-
sented properties of UCDs are:
1) UCDs are the remnant nulei of galaxies that have been signiantly
stripped in the luster environment (e.g. Bassino et al. 1994, Bekki et al.
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2001). Numerial simulations have shown that nuleated dEs an be dis-
rupted in a galaxy luster potential under spei onditions and that the
remnant nulei resemble UCDs in their strutural parameters (Bekki et al.
2003) and mass-to-light ratio (Goerdt et al. 2008). In Fornax and Virgo, the
small number of UCDs in both lusters points to a rather seletive threshing
proess. The high metalliity of most Fornax UCDs seems to disfavour this
senario for their origin, whereas the brightest, metal-poor GCs/UCDs indeed
share most of the properties of present-day nulei. Note that that the thresh-
ing proess also seems to work in our Galaxy. Good andidates for (former)
nulei are ω Cen (e.g. Hilker & Rihtler 2000) and M54, the nulear luster
of the Sagittarius dSph (e.g. Monao et al. 2005).
2) UCDs have formed from the agglomeration of many young, massive star
lusters that were reated during merger events (e.g. Kroupa 1998, Fellhauer
& Kroupa 2002), like the Antennae galaxies where many young super-star
luster omplexes were found (e.g. Whitmore et al. 1999). An evolved exam-
ple of suh a merged star luster omplex might be the 300 Myr old, super-star
luster W3 in NGC 7252 (Maraston et al. 2004, Fellhauer & Kroupa 2005).
Indeed, a further passive evolution of W3 would bring it into the regime of
the most massive, metal-rih UCDs. Moreover, the young massive star lus-
ters in starburst/merger galaxies follow a mass-size relation that is onsistent
with that of UCDs (Kissler-Patig et al. 2006). If the old UCDs in Fornax
and Virgo formed like this, the galaxy mergers must have happened early
in the galaxy luster formation history when the merging galaxies were still
gas-rih. However, these early mergers must have already possessed lose to
solar metalliity gas or they were self-enrihed fast. Moreover, the stellar mass
funtion of the young star lusters must have been non-anonial to explain
the elevated M/L values of UCDs. The small number of UCDs would imply
that only the most massive star luster omplexes survived as bound systems
(e.g. Bastian et al. 2006).
3) UCDs are the brightest globular lusters and were formed in the same
GC formation event as their less massive ounterparts (e.g. Mieske et al.
2004). The smooth shape of the bright end of the GC luminosity funtion
(no exess objets!) might support this senario. The most massive GCs then
supposedly formed from the most massive moleular louds (MCs) of their
host galaxy, assuming that more massive galaxies (like M87) were able to
form higher mass MCs than lower mass galaxies (like M31). The luminosity-
size relation of the most massive lusters suggests that there is a break of the
formation/ollapse physis at a ritial MC mass. The high M/L values of
the most massive GCs then would point either to a formation of GCs in dark
matter halos (e.g. Baumgardt & Mieske 2008 and referenes therein) or to a
non-anonial (probably top-heavy) IMF that aompanies the formation of
the most massive GCs (e.g. Murray 2009, Dabringhausen et al. 2009).
4)UCDs are genuine ompat dwarf galaxies, maybe suessors of anient blue
ompat dwarf galaxies, that formed from small-sale peaks in the primordial
dark matter power spetrum (Drinkwater et al. 2004). This senario has
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the advantage that no external proesses, like mergers or tidal disruption, are
needed. However, due to the small numbers of UCDs, this formation hannel
then seems to be a rare event and one might ask why no ompat galaxies
with a mass inbetween UCD3 (in Fornax) and M32 have been found.
Whih of these senarios tells us the truth? Why is there a haratersti
mass at whih the saling relations and the slope of the mass funtion hanges?
It is widely aepted that globular lusters are formed inside the ores of
supergiant moleular louds (e.g. MLaughlin & Pudritz 1996). The balane
between oagulation and disruption proesses of these ores shapes the GC
mass spetrum. Up to a nal luster mass of ∼ 106M⊙ this seems to be a
well regulated sale-free proess. Does the break in the GC mass funtion
orrespond to a maximum `allowed' moleular loud mass from whih a GC
an form? If so, all GCs/UCDs above the orresponding `maximum' GC mass
must have formed from the oalesene of lower mass GCs (or proto-GCs).
This an have happend on a very short timesale during the GC formation
proess itself or on a longer timesale via the merging of individual GCs either
in a ompat star luster omplex (e.g. Fellhauer & Kroupa 2002) or through
tidal frition in the ore of a dwarf galaxy (e.g. Oh & Lin 2000). Also, a
nuelar star luster an grow via episodi star formation triggered by infalling
gas in the entre of a gas-rih galaxy (e.g. Walher et al. 2006). Alternatively,
if there does not exist a maximum `allowed' moleular loud mass, the physis
of the massive luster formation within the MCs must be dierent than for
lower mass GCs (see Murray 2009 for a possible solution).
It is not up to this ontribution to disuss whih senario is the most
plausible one. Sine UCDs ome with dierent avours (metal-poor vs. metal-
rih; with and without low surfae brightness envelope; et.) they probably
omprise a `mixed bag of objets' from dierent formation hannels.
5 Conlusions and Outlook
The most massive globular luster of a galaxy sales with the luminosity
of the host galaxy and the rihness of the globular luster system. When
taking a Gaussian funtion as representation of the bright end of the globu-
lar luster luminosity funtion, no exess objets are needed to explain the
most luminous GCs in their respetive environments. This inludes the so-
alled ultra-ompat dwarf galaxies (UCDs) whih were identied as the
brightest ompat (Reff < 100 p) objets in nearby galaxy lusters, but also
around individual galaxies. Although there seems to exist a smooth lumi-
nosity funtion between GCs and UCDs, the mass funtion shows a break
at a harateristi mass of Mc ≃ 2.5 × 10
6M⊙. Whereas GCs in the mass
range 3.0 × 105 < M < 2.5 × 106M⊙ follow a power-law slope of α ≃ −1.9
onsistent with the measured power spetrum of moleular louds and young
star lusters, ompat objets (GCs/UCDS) above Mc are not as abundant
as `normal' GCs. The slope falls o with an exponent α ≃ −2.7. Strikingly,
this harateristi mass also marks the hange of some key properties between
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GCs and UCDs. The most remarkable properties of UCDs are that their size
sales with their luminosity and that their dynamial mass-to-light ratio is
on average twie that of GCs at a given metalliity. Moreover, the most
massive UCDs seems to be exlusively metal-rih. Although many of these
harateristis are onsistent with the known saling relations and properties
of early-type galaxies, there exists a prominent gap bewteen the most massive
UCDs and the M32-type galaxies, the latter being ∼ 15 times more mas-
sive than UCDs. This makes it unlikely that UCDs are pure genuine ompat
galaxies related to small-sale dark matter lumps. Rather they are onneted
to gas-dynamial luster formation proesses, either as nulear star luster of
nowadays dissolved galaxies or as merged super-star lusters whih formed
in violent starbursts suh as seen in merging galaxies. The latter senario is
supported by the existene of young massive star lusters with similar masses
and saling relations as those of UCDs. The elevated M/L values of UCDs,
however, suggests that they were born with a dierent (probably top-heavy)
initital mass funtion than lower mass GCs.
While we have some ideas on the possible origin of UCDs, there are many
questions left to answer onerning their nature. Some important ones are: Do
UCDs have multiple stellar populations? Can we nd young or intermediate
age UCDs in the loal universe? Do the large M/L values really point to
unusual initial mass funtions? Or do they ontain dark matter? Is there
tidal struture around UCDs? Do UCDs harbour blak holes?
Some of these questions will be answered in the next years with the help of
ongoing and future observing programmes. The results will bring more light
into the nature of these enigmati objets.
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